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Lake Breiter Luzin, located in north-eastern Germany, is known for the rare occurrence of sympatric populations of
European cisco, Coregonus albula and C. lucinensis. Moreover, the lake is inhabited by the glacial relict crustacean
Mysis relicta, currently found in only three other lakes in Germany. In the present study, the role of M. relicta in the
diet of ciscoes was investigated. Between 2001 and 2002 ciscoes, mysids and zooplankton were caught in Lake Breiter
Luzin and stomach contents of ciscoes were analysed. There were seasonal changes in the food items in the stomachs,
largely reﬂecting changes in prey availability. The main food items were copepods (45–81%) and mysids (5–26%).
Cladocerans had high amounts in the diet only in summer. Seasonal changes in selectivity were also noted for most
prey groups. There were also some consistent patterns of prey preference, with an overall preference for mysids. In
general, the prey composition in cisco stomachs did not show signiﬁcant diet changes, but there were some signiﬁcant
differences between day and night feeding in single prey groups, such as cladocerans. Diet composition of ciscoes
varied with the different depth strata in which the ﬁsh were caught. With increasing depth, the proportion of mysids in
the diet signiﬁcantly increased, whereas that of copepods signiﬁcantly decreased. Between C. albula and C. lucinensis,
no distinct differences in feeding were evident. Mysids provided an additional and important food resource to ciscoes,
and were mainly consumed when the availability of other prey organisms decreased, as in autumn and in the deeper
strata of the water column. However, mysids preyed on the same food organisms as ciscoes, indicating a strong
competition for food between ﬁsh and mysids.
r 2008 Elsevier GmbH. All rights reserved.
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European ciscoes (Coregonus albula) are predomi-
nantly planktivorous, feeding mainly on seasonally
abundant zooplankton such as cladocerans and cope-
pods, supplemented with insect larvae (Hamrin, 1983;e front matter r 2008 Elsevier GmbH. All rights reserved.
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ess: julia.scharf@gmx.de (J. Scharf).Viljanen, 1983; Næsje et al., 1991; Schultz, 1992;
Mamcarz and Bloniarz, 1995; Anwand et al., 2003;
Schulz et al., 2003). Selective feeding has been reported,
with a strong preference for cladocerans and partial
avoidance of copepods (Hamrin, 1983; Viljanen, 1983;
Næsje et al., 1991; Schultz, 1992; Mamcarz and
Bloniarz, 1995; Schulz et al., 2003). When large prey
species as Bythotrephes longimanus, Leptodora kindtii
and mysids are available, they can dominate the diet
(Viljanen, 1983; Waterstraat, 1988, 1990; Arndt et al.,
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1998; Schulz et al., 2003).
A rare sympatric species pair of European ciscoes is
found in Lake Breiter Luzin, in the federal state of
Mecklenburg-Vorpommern, in northern Germany.
Among the autumn-spawning C. albula, there is a
population of spring-spawning Coregonus lucinensis
(Thienemann, 1933; Waterstraat, 1990; Schulz and
Freyhof, 2003; Schulz et al., 2006). Formerly, C. lucinensis
was described as a subspecies of C. albula which lived
mainly in deeper strata of the lake than C. albula, and
differing slightly in some morphometric features (Thiene-
mann, 1933; Waterstraat, 1990). However, in recent
studies, C. lucinensis was conﬁrmed as a distinct species
(Schulz and Freyhof, 2003; Schulz et al., 2006). These two
coregonus species dominate the pelagic area of the lake,
and together comprise 90% of the total ﬁsh catch; within
this only about 5% of the total cisco stock are estimated
to be C. lucinensis (Waterstraat et al., 2003).
Lake Breiter Luzin is also inhabited by the glacial
relict crustacean Mysis relicta (LOVE´N) (Mysidacea)
(Thienemann, 1925; 1928; Waterstraat, 1988; Scharf
and Koschel, 2004; Waterstraat et al., 2005), which is
found in only three other lakes in Germany (Zettler,
2002; Scharf and Koschel, 2004; Waterstraat et al.,
2005). During the second half of the 20th century, these
mysid populations declined, due to anthropogenic
eutrophication in the lakes (Waterstraat, 1988). Never-
theless, in the 1980s M. relicta was found to be an
important prey organism of European ciscoes in Lake
Breiter Luzin, accounting for 52–79% of their stomach
contents (Waterstraat, 1988, 1990; Arndt et al., 1989).
Between 2001 and 2004, the mysid population again
reached high densities in Lake Breiter Luzin (Scharf and
Koschel, 2004; Waterstraat et al., 2005), as a result of
improved water quality, following remediation measures
begun in the 1980s to stop wastewater discharge into the
lake (Richter, 1977; Koschel et al., 1985). However, the
effect of changed mysid distribution and density on
the feeding of ciscoes has not been investigated. Infor-
mation is also lacking about the nature of the differences
between the two cisco species in feeding uponM. relicta.
The aim of the present study was to investigate the
role ofM. relicta in the diet of European ciscoes in Lake
Breiter Luzin. Attention was focused on (1) food
composition and prey preference of ciscoes in response
to seasonal succession of the prey organisms, (2) diurnal
and spatial variability in diet composition of ciscoes and
(3) comparison of food composition of C. albula and
C. lucinensis.Study site
Lake Breiter Luzin, located in the Feldberg Lake
District in north-eastern Germany (531200N, 131280E),was formed during the last glaciation by melting of ice
blocks and erosion of melt water channels (Schmidt,
1997). In the Feldberg Lake District, there are several
lakes which are partially connected to each other by
channels. Lake Breiter Luzin is the largest lake in
this system, with a surface area of 345 ha and a volume
of 77millionm3. Moreover, it is one of the deepest
lakes in the South-Baltic Lake District of Germany,
with a maximum depth of 58.3m and a mean depth
of 22.3m.Methods
Zooplankton
For studies of prey availability, zooplankton was
sampled monthly from July 2001 to October 2002
(except during ice cover in January), in the deepest
region of Lake Breiter Luzin. Samples were taken by
vertical hauls with a plankton net (diameter 0.16m,
length 1m, mesh size 90 mm; Hydrobios, Kiel, Germany)
from a depth of 55m to the surface, with one haul per
month.
Zooplankton was also collected in April, July, and
October 2002, at the four ﬁsh-netting sites. Samples
were collected around noon and midnight in the same
weeks that the ciscoes and mysids were collected,
generally at new moon (73 nights). Vertical net hauls
were taken with a plankton net (diameter 0.16m,
length 1m, mesh size 55 mm; Hydrobios, Kiel, Germany)
from the lake bottom to the surface, with two hauls
per site.
All zooplankton samples were preserved in 4%
formalin–sugar solution until further analyses. Zoo-
plankton abundance was estimated by counting sub-
samples under a microscope, and species were classiﬁed
into groups according to prey categories in ciscoes’
stomachs.
Mysids
M. relicta was collected monthly from July 2001 to
November 2002, except during ice cover in December
and January. Samples were taken at new moon (73
nights) around midnight at ﬁve ﬁxed stations. Four
stations were 25m deep, and the ﬁfth was at the deepest
point of the lake (58.3m). For collection, a plankton net
(diameter 0.4m, length 1.4m, mesh size 150 mm;
Hydrobios, Kiel, Germany) was lowered to within
1.5–2.0m of the bottom, allowed to rest for 1min, and
then raised vertically to the surface at 0.5–0.8m s1, with
two replicates at each station. Samples were preserved in
4% formalin–sugar solution for determination of
abundance.
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Table 1. Number of stomachs analysed from ciscoes caught
in gillnets in six different depths of Lake Breiter Luzin 2001
and 2002 (data set B)
Depth (m) Apr. ‘01 Jly. ‘01 Nov. ‘01 Feb. ‘02
0–3 0 0 1 2
10–13 15 5 4 6
20–23 13 29 11 7
30–33 38 78 10 68
40–43 51 19 27 34
50–53 8 7 0 6
Total 125 138 53 123
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At the time of our investigation, known morphologi-
cal features did not allow a reliable determination of the
two species (Thienemann, 1933; Waterstraat, 1990).
Genetic and morphological characteristics to distinguish
between C. albula and C. lucinensis did not become
available until 2003 and 2006 (Schulz and Freyhof,
2003; Schulz et al., 2006). Therefore, the two cisco
species were generally not separated during this study.
However, since the reproductive cycles differed between
species, adult females could be separated by their
gonadal maturity, using a six-degree scale of gonadal
development (Suvorov, 1959). Thus, females were used
for diet comparison between the two species.
In the present study, the results of two independent
cisco sample sets, data set A and B, are presented. To
consider several main aspects, different materials and
methods were applied for each of these data sets.
Data set A was used for examination of (a) diet
composition and seasonal variation in biomass propor-
tions of prey organisms in the diet, (b) seasonal
variation in the occurrence of mysids and copepods in
stomachs (in combination with data set B), (c) feeding
selectivity of ciscoes, and (d) differences in day and night
feeding.
For data set A, sampling took place in April, July,
and October 2002 at four locations in Lake Breiter
Luzin, during both day and night. Fish were caught by
pelagic trawl (mesh size 10mm) in 20–30m depth (one
haul per location, duration per haul 10min, trawling
speed 5 kmh1), and by Nordic multimesh gillnets
(mesh size 5–55mm), which were exposed between 3
and 40m depth, for 12 h. A total of 338 cisco stomachs
containing food were used for the diet analyses. The
alimentary tracts of ciscoes were removed intact and
preserved in 4% formaldehyde solution. The stomach
charge in percent was estimated visually. Biomass
proportions of diet components in the ﬁrst third of
every gut were determined volumetrically. Food organ-
isms were classiﬁed into nine prey categories: Copepoda,
Nauplii, M. relicta, Daphnia spp., Bosmina spp.,
Chironomidae, L. kindtii, B. longimanus, others. Ad-
ditionally, a subsample of food organisms in every gut
was quantiﬁed under a binocular microscope, to
estimate prey preference by a selectivity index (Jacobs,
1974). Levels of signiﬁcance were assumed as 0.3 for
positive selection and 0.3 for negative selection
(Lazzaro, 1987).
Data set B was used for investigation of (a) vertical
gradients in diet composition, (b) seasonal variation in the
occurrence of mysids and copepods in cisco stomachs (in
combination with data set A), and (c) differences in diet
composition between C. albula and C. lucinensis.
For data set B, ﬁsh were caught in April, July, and
November 2001, and February 2002 by Nordic multi-mesh gillnets (mesh size 5–55mm) and by multimesh
gillnet (mesh sizes 10, 15 and 20mm). The nets were
exposed in six depth strata between 0 and 53m (Table
1). They were deployed for 24 h and were monitored a
few hours before sunset and a short time after sunrise. A
total of 439 cisco stomachs containing food were used
for diet analyses. The alimentary tracts were removed
intact and preserved in 70% ethanol until further
analyses. Volume percentage of different food organ-
isms in the stomachs was determined, and classiﬁed into
four groups: 0, o3%, 3–30% and 430%. Total
stomach charge was estimated visually.
Statistics
For statistical analyses, the programme SPSS 9.0.1 for
Windows (rSPSS. Inc.) was used. Differences in the
diet of ciscoes during day and night were examined
using the Mann–Whitney U-test. Correlations between
volume percentage classes of different food organisms in
cisco stomachs and the water depth in which the ﬁsh
were caught were tested by Spearman rank correlation.
To investigate differences in the amount of prey
organisms in stomachs of C. albula and C. lucinensis,
the w2-test was used.Results
Prey availability
Abundance of planktonic crustaceans in Lake Breiter
Luzin reached 112.8 103 individualsm3 in April,
126.7 103 individualsm3 in July and 24.1 103 in-
dividualsm3 in October 2002. The planktonic crusta-
ceans were dominated by cyclopoid copepods and
cladocerans. The common species and their groupings
for all of our analyses are shown in Table 2.
The dominant groups were copepods and their
nauplii, with highest mean abundance of the adult and
copepodite stages being recorded in July and that of the
nauplii in April (Table 3). The dominant species were
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Table 2. Common planktonic crustacean in Lake Breiter
Luzin 2001/2002 and their classiﬁcation into groups for
analyses
Species Group











Daphnia spp. Daphnia spp.
Daphnia cucullata
Daphnia hyalina
Bosmina coregoni Bosmina spp.
Bosmina longirostris
Leptodora kindtii L. kindtii
Bythotrephes longimanus B. longimanus
Mysis relicta M. relicta
Chydorus sphaericus Others
Diaphanosoma brachyurum
Table 3. Mean abundance (individuals 103m3)7standard
deviation of the most common planktonic crustacean groups
in Lake Breiter Luzin in April, July, and October 2002 (n ¼ 4)
April July October
Copepoda 34.8711.6 68.4725.7 15.373.0
Nauplii 75.9727.4 39.5711.6 6.872.0
Bosmina spp. 1.670.8 6.173.6 0.270.09
Daphnia spp. 0.570.4 2.371.2 0.270.1
L. kindtii 0 0.770.3 0.0170.01
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Thermocyclops oithonoides and Eurytemora lacustris.
Cladocerans (Daphnia spp., Bosmina spp., L. kindtii)
and mysids had highest mean abundance in July (Table
3); however, their maxima were always markedly lower
than those of copepods and nauplii. B. longimanus was








Fig. 1. Mean biomass proportions of eight different groups of
organisms in cisco stomachs in April, July, and October 2002
(n ¼ number of stomachs).Seasonal variation in diet composition of European
cisco
Data set A: In April, July, and October 2002,
copepods formed the principal part of the cisco diet(Fig. 1), accounting for 45–81% of the biomass found in
the stomachs. Mysids were also an important part of the
diet in these 3 months, and formed an increasing
percentage of the biomass of food in the stomachs from
April (5%) to October (26%). Although mysids were an
overall smaller part in the diet than copepods, some
individual ciscoes fed exclusively on mysids.
Each of the remaining groups of planktonic crusta-
ceans formed a distinct part of the diet in only 1 or 2
months. Daphnia spp. was quantitatively important only
in July (17%), when they were one of the main food
items. Bosmina spp. was predominantly consumed (6%
and 10%) in April and July, and was only found
occasionally in cisco stomachs in October. Chironomid
larvae never formed higher proportions in the diet,
reaching only 2% in April. L. kindtii was preyed upon in
summer (3%), whereas B. longimanus was consumed in
October (7%) and was sometimes also found in ciscoes’
stomachs in July. Even though, when all ciscoes were
considered together, L. kindtii and B. longimanus were a
small part of the diet, the stomachs of some individual
ﬁsh contained numerous individuals of these two
species.
Data sets A+B: The percentage of cisco stomachs
containing copepods and mysids varied seasonally
between April 2001 and October 2002 (Fig. 2), reﬂecting
seasonal ﬂuctuations in abundance of both prey organ-
isms (Fig. 3). In spring 2002, when copepod abundance
was highest (11.6 104 individualsm3) and mysid
abundance was lowest (0.270.4 individualsm3), more
than 90% of ciscoes fed on copepods and less than 10%
fed on mysids (Fig. 2). In summer, when mysid
abundance was highest (9.978.2 and 6.672.9 in-
dividualsm3 in July 2001 and 2002, respectively) and
copepod abundance started to decline, 17–23% of
ciscoes fed on mysids and 63–84% fed on copepods.
In November 2001 when copepods were minimally
































Fig. 2. Proportion of cisco stomachs containing copepods and mysids between April 2001 and October 2002 in Lake Breiter Luzin,
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Fig. 3. Monthly abundance of copepods (n ¼ 1) and mysids (n ¼ 5, mean and standard deviation per month) in Lake Breiter Luzin
between July 2001 and November 2002.
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mysids. During this time stomach charge was lowest
(Fig. 2).Seasonal changes in feeding selectivity
Data set A: There were seasonal changes in diet
selectivity for most of the prey groups (Fig. 4). Daphnia
spp. and L. kindtii were preferred in July, and copepods
were positively selected in April and October. B.
longimanus was positively selected in July and October,
whereas Bosmina spp. was preferred in April and
avoided in October. Mysids were always positively
selected, in contrast to nauplii, which were negatively
selected in all three sampling times.Differences in day and night feeding
Data set A: In all 3 months, the stomach contents of
ciscoes caught at night and day were generally similar
(Fig. 5). However, there were signiﬁcant diurnal
differences in the average percentage biomass of
some single prey groups in the diet. In April the
proportion of Bosmina spp. was signiﬁcantly higher
at night than in the day (U-test, po0.05). In July,
Daphnia spp. was signiﬁcantly higher at night than
in the day (U-test, po0.05), whereas in October they
were signiﬁcantly higher in the day than at night
(U-test, po0.05). In October, the prey group ‘‘others’’
was signiﬁcantly higher at night than in the day
(U-test, po0.05). The amount of mysids in the diet of




























Fig. 4. Feeding selectivity (Jacobs index) of ciscoes in Lake Breiter Luzin in April, July, and October 2002 (n ¼ number of stomachs;








































n=110 n=50 n=33 n=15 n=89 n=41
Fig. 5. Mean relative biomass of food organisms in stomachs of ciscoes caught in the day and night in Lake Breiter Luzin in April,
July, and October 2002. *Signiﬁcant differences in speciﬁc prey group between day and night (U-test, po0.05), n ¼ number of
stomachs.
Table 4. Correlation coefﬁcient (R) of Spearman rank
correlation between the amount (volume percentage classes)
J. Scharf et al. / Limnologica 38 (2008) 147–158152in October, but was not statistically signiﬁcant (U-test,
p40.05).of copepods and mysids in cisco stomachs and the water depth
in which the ﬁsh were caught
Copepoda M. relicta
Apr. ‘01 0.20 0.14
Jly. ‘01 0.20 0.19
Nov. ‘01 0.71 0.71
Feb. ‘02 0.31 0.42
Signiﬁcant correlation (Po0.05).
Highly signiﬁcant correlation (Po0.001).Vertical gradients in diet composition
Data set B: There were statistically signiﬁcant changes
in diet composition with depth in the stratiﬁed samples
collected between April 2001 and February 2002. The
amount of cyclopoid copepods in the diet decreased with
increasing depth (negative Spearman rank correlation,
signiﬁcant in all 4 months), whereas that of mysids
increased (positive Spearman rank correlation, signiﬁ-
cant in all months except April) (Table 4, Fig. 6).
Signiﬁcant depth gradients were also found for food
organisms, which played only a seasonal and minor rolein the diet. In April, the amount of Bosmina spp. in cisco
stomachs signiﬁcantly increased with depth (R ¼ 0.50,
po0.001), and the amount of L. kindtii signiﬁcantly
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> 30 % vol 3 - 30 % vol < 3 % volPercentage of stomach content:
Fig. 6. Frequency of occurrence of different volume percentage classes of cyclopoid copepods (left) and Mysis relicta (right) in
stomachs of ciscoes caught in six depth strata of Lake Breiter Luzin between April 2001 and February 2002.
J. Scharf et al. / Limnologica 38 (2008) 147–158 153decreased (R ¼ 0.28, po0.01). In contrast, in Novem-
ber, the amount of Bosmina spp. in the stomachs
signiﬁcantly decreased with water depth (R ¼ 0.39,
po0.01).Comparison of C. albula and C. lucinensis diet
Data set B: To compare the diet of both cisco species,
C. lucinensis females were pooled from April (n ¼ 5),
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and compared with pooled C. albula females from
April (n ¼ 25), July (n ¼ 20), and February (n ¼ 25)
(total n ¼ 70). All ﬁshes were caught in depths between
30 and 43m. Although the mean stomach charge of
C. lucinensis was lower (27%) than that of C. albula
(50%), the frequency of occurrence of different food
organisms was similar in both species (Fig. 7). The diet
of both C. albula and C. lucinensis was clearly
dominated by cyclopoid copepods, followed by Bosmina
spp. The diet also included small amounts of M. relicta
and ‘‘others’’, which were ﬁsh eggs and scales. While the
stomachs of C. albula also contained less abundant food
organisms such as L. kindtii and chironomid larvae, this
was not the case in C. lucinensis. Differences between
the occurrence of the different food organisms in the
diet of the two cisco species were not statistically
signiﬁcant (w2-test, p40.05).Discussion
Food composition and prey preference in response to
seasonal succession of prey organisms
In general, prey organisms, which were very abundant
in the cisco stomachs, were also very abundant in the
lake, as exempliﬁed by the copepods.
We observed that the ciscoes’ diet changed markedly,
reﬂecting seasonal changes of the zooplankton commu-
nity in Lake Breiter Luzin. Seasonal variations in cisco
diet, dependent upon changes in the variety of available
prey organisms, have previously been reported forfrequency [%]








Percentage of stomach content:
Fig. 7. Frequency of occurrence of different food organisms (volum
n ¼ 70) and Coregonus lucinensis (right, n ¼ 14) from Lake Breiter Lciscoes from other European lakes (Viljanen, 1983;
Mamcarz and Bloniarz, 1995; Mookerji et al., 1998;
Schulz et al., 2003).
Cladocerans such as Daphnia spp., Bosmina spp., and
L. kindtii occurred in the highest proportions in the
stomachs in July, when they had their abundance
maximum also in Lake Breiter Luzin. As the cladocer-
ans increased, the share of copepods in the diet
decreased. Mamcarz and Bloniarz (1995) found a
similar pattern, with cladocerans dominating in
C. albula in summer, while copepods dominated in
spring. In our study we found a comparable situation
for M. relicta, which were consumed by ciscoes in
increasing amounts during summer and autumn, the
seasons when the mysids had their highest abundances
in the lake, and when the abundance of copepods had
already decreased.
Copepod nauplii were absent from the diet of ciscoes
in Lake Breiter Luzin as it was the case for ciscoes in
Lake Charzykowskie, Poland, described in Mamcarz
and Bloniarz (1995). This may be the result of their
rapid decomposition in the intestine, or that the ﬁsh
show less interest in this particular prey when other food
items are present. In contrast, we found the predatory
cladoceran B. longimanus in considerable proportions in
the diet of ciscoes in October, yet they could not be
detected in any of the net hauls in Lake Breiter Luzin.
This situation is also known from Lake Bolmen in
Sweden (Hamrin, 1983) and Lake Stechlin in Germany
(Schulz et al., 2003). These predatory cladocerans might
not be representatively caught with common plankton
nets, because of their ability to escape. A study by
Waterstraat et al. (2005) in Lake Breiter Luzin might00
Coregonus lucinensis
frequency [%]
0 20 40 60 80 100
> 30 % vol 3 - 30 % vol < 3 % vol
e percent classes) in stomachs of female Coregonus albula (left,
uzin (pooled data from April ‘01, July ‘01, and February ‘02).
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by horizontal trawls of two bongo nets (diameter 0.6m
each, mesh size 500 mm, trawling speed 2m s1). In some
of these net hauls high amounts of B. longimanus were
detected (Waterstraat, unpublished data). Besides,
B. longimanus might be highly selected by ciscoes in
some months, as shown by Mamcarz and Bloniarz
(1995).
There were marked differences in the consumption of
mysids by ciscoes in Lake Breiter Luzin in 1985/1986
and in 2001/2002, as documented in the present study.
Mysids comprised 52–79% of the diet of ciscoes during
1985/1986 (Waterstraat, 1988; 1990; Arndt et al., 1989),
but only 5–26% of the diet in 2001/2002. Although
reduced representation might suggest decreased avail-
ability, this was not the case. Mysids were more widely
distributed in the lake system in 2001/2002 than in the
1980s (Scharf and Koschel, 2004). This noticeable
change in the diet of ciscoes might be related to the
improved trophic conditions of the lake, as a result of
remediation measurements in the Feldberg Lake Dis-
trict. Increased oxygen concentrations in the deeper
strata of the lake now allow the mysids to disperse in
these regions again (Scharf and Koschel, 2004). There-
fore their habitat was extended, and the mysids
probably had more opportunities to evade predation
by the ciscoes.
Also, selective feeding of ciscoes changed seasonally.
Cladocerans were positively selected in July when their
abundance in the lake was high. In contrast, copepods
were preferred in months with low abundance of
cladocerans. This seasonal variation in prey preference
for copepods and Daphnia spp. was also seen in Lake
Lucerne, Switzerland (Mookerji et al., 1998). Motion of
the prey is suggested as the reason for this change in
preference. The slow but continuous motions of the
cladocerans make it easier for the ﬁsh to catch them
than copepods, which have a better evasive ability
(Drenner and McComas, 1978; Skurdal et al., 1985).
Our present study showed that ciscoes’ feeding did
not simply reﬂect prey availability in the lake. We also
detected consistent patterns of prey preferences. Mysids
were positively selected during the entire study period,
whereas nauplii of copepods were always avoided.Diurnal and spatial variability in diet composition
Although the average prey composition in ciscoes’
stomachs did not show general diel changes, there were
some signiﬁcant differences between day and night
feeding in single prey groups. The amount of Bosmina
spp. in April and of Daphnia spp. in July in the cisco diet
was signiﬁcantly higher during the night than during the
day. This might be related to differences in spatial and
temporal distribution of ciscoes and these prey organ-isms. Ciscoes perform diurnal vertical migrations,
staying in the deeper strata of the lake during daytime
and migrating into the upper water layers at night
(Dembinski, 1971; Hamrin, 1986; Jurvelius, 1991;
Syda¨noja et al., 1995; Mehner et al., 1999). Since
cladocerans were mainly concentrated in the upper part
of the water column in July (Scharf, unpublished data),
spatial overlap between prey and predator mostly
occurred during the night, possibly accounting for the
higher ingestion of cladocerans by ciscoes at night. In
October, cladocerans were distributed in deeper strata of
the lake (Scharf, unpublished data), which was mirrored
by the slightly higher consumption of Daphnia spp. by
ciscoes during daytime.
A spatial overlap between prey and predator was also
evident for mysids. Even though diel differences in the
amount of mysids in the diet of ciscoes were not
statistically signiﬁcant, these prey did show higher
proportions in daytime samples. M. relicta undergoes
diurnal vertical migrations (Beeton, 1960; Beeton and
Bowers, 1982), remaining near the lake bottom during
the day and ascending into the upper water column at
night. Thus, this species provides a potential food
resource for ciscoes at all times. In general, zooplankton
density is low in deeper strata of the water column.
Therefore, ciscoes might prey more on available mysids
while staying in deeper regions of the lake during
daytime.
Intensiﬁed feeding on mysids in deeper strata of the
water column also becomes evident when considering
vertical gradients in diet composition. In the stomachs
of ciscoes from Lake Breiter Luzin, an increasing
proportion of mysids were found with increasing water
depth. In contrast, the proportion of copepods in the
diet decreased with increasing depth. This indicates that
ciscoes fed on the most available prey in the immediate
environment. Similar vertical shifts in diet composition
of ciscoes have been established in Lake Stechlin. There,
higher amounts of benthic organisms (insects, ostracods,
Megacyclops spp.) were consumed by ciscoes caught
with bottom nets, whereas plankton dominated in
ciscoes caught with pelagic nets (Schulz et al., 2003).
Differences in the diet of ciscoes between day and
night, and between different depth strata, are to be
considered carefully because the degree of digestion in
the stomachs was not included in this study. Therefore,
actual feeding time could not be determined. Arndt et al.
(1989) indicated on the basis of the degree of digestion
that ciscoes had two maxima of food ingestion, at dusk
and at dawn, linked to their vertical migration.Comparison of diet of C. albula and C. lucinensis
There was no evidence that C. albula and C. lucinensis
in Lake Breiten Luzin had distinct diets, although
ARTICLE IN PRESS
J. Scharf et al. / Limnologica 38 (2008) 147–158156mysids occurred in slightly higher proportions in the diet
of C. lucinensis and some uncommon prey of C. albula
were apparently absent from the diet of C. lucinensis.
This is in agreement with Arndt et al. (1989), who did
not detect distinct diet compositions in both ciscoes in
Lake Breiter Luzin. In this earlier study, stomachs of
both ciscoes contained 79% M. relicta, 7% chironomid
larvae and 13% copepods.
Somewhat different observations and deductions
were made by Thienemann (1933), who distinguished
the two species based on differences in spawning time,
some morphological features, and different habitats,
with C. lucinensis described as a so-called deepwater
variety of ciscoe, inhabiting deeper strata of the
lake than C. albula. Therefore, Thienemann (1933)
further assumed a habitat-speciﬁc diet for both
ciscoes, but could not conﬁrm this. He argued that,
in winter, stomachs of C. lucinensis from Lake Breiter
Luzin contained only benthic prey (M. relicta
and chironomid larvae), whereas samples of C. albula
from other lakes contained only planktonic prey.
But these results may also reﬂect a different food
supply in the different lakes. This assumption is
supported by the fact that stomachs of C. albula
from Lake Breiter Luzin caught in winter included
only benthic food (Thienemann, 1933). In summer,
however, some individuals of C. albula from Lake
Breiter Luzin contained only planktonic prey (Thiene-
mann, 1933). In an earlier study, Thienemann (1925)
noted benthic prey (M. relicta, Pisidium spp. and ﬁsh
eggs) only in large individuals of C. albula from Lake
Breiter Luzin, whereas planktonic prey (Leptodora spp.,
Daphnia spp., Diaptomus spp.) were found in smaller
individuals.
A situation similar to that for Lake Breiter Luzin has
been described for the nearby Lake Stechlin (federal
state Brandenburg, Germany), in which two sympatric
species of ciscoes also occur. Besides C. albula, there
exists a deepwater form, C. fontanae (Anwand et al.,
1997; Anwand, 1998; Schulz and Freyhof, 2003; Schulz
et al., 2006). Anwand et al. (1997) found no distinct diet
compositions of the two species in this lake. But Schulz
et al. (2003) detected some differences in the food
composition of ciscoes caught from distinct depth strata
of Lake Stechlin. On the assumption that C. fontanae
occurs in deeper regions of the lake, it was concluded
that both species might have at least some differences in
their diet spectra and prey selectivity pattern (Schulz
et al. 2003).
Attempts to compare the nutrition of the sympatric
species of ciscoes from German lakes have not yet
yielded satisfactory results. Investigations are character-
ized by problems in species determination, and low
abundance of the spring-spawning species. Information
on the diet of spring-spawning ciscoes from lakes in
northern Europe is not available.Conclusions
M. relicta in Lake Breiter Luzin provided an
additional and important food source to ciscoes, and
was strongly selected during the entire study time.
However, biomass proportions of mysids in the diet
showed seasonal ﬂuctuations. Mysids occurred in high
quantities in cisco stomachs when their abundance in the
pelagic zone was high, and when the availability of
zooplankton, particularly copepods, was low. There-
fore, ciscoes mainly preyed on mysids in the deeper
regions of the water column in which zooplankton were
not very abundant. In autumn ciscoes fed on mysids,
when zooplankton abundance decreased and mysid
abundance was still high. At this time ciscoes could
beneﬁt from a well-developed mysid stock. Thus, the
mysid population might be strongly exploited by ciscoes.
Moreover, autumn is the principal breeding time for
mysids. High predation pressure by ciscoes at this
season could reduce not only the size of the existing
mysid population, but also that of the population in the
following year.
M. relicta was also recognised as an important prey
item for planktivorous and benthivorous ﬁsh in other
studies (Morgan et al., 1978; Grossnickle, 1982; Arndt et
al., 1989; Cabana and Rasmussen, 1994; Stafford et al.,
2002). Mysids are a good food source not only because
of their larger body size compared with the zooplank-
ton, but also because of their high energy content, since
high levels of lipids accumulate steadily as they grow
(Adare and Lasenby, 1994), and these are important
energy reservoirs (Arts and Wainman, 1999).
In addition to being prey organisms of planktivorous
ﬁsh, mysids themselves are important consumers in the
food web. They are omnivorous, mostly feeding on
phytoplankton and zooplankton (Lasenby and Lang-
ford, 1973; Grossnickle, 1982; Viherluoto et al., 2000;
Johannsson et al., 2001; Scharf and Koschel, 2005).
Since mysids can remove a signiﬁcant proportion of
daily zooplankton production, they potentially compete
with other planktivorous organisms, especially ﬁsh
(Johannsson et al., 1994). Chipps and Bennett (2000)
reported that consumption of cladocerans by mysids
was four times higher than consumption of cladocerans
by kokanees. But Almond et al. (1996) showed that the
effect of mysids on zooplankton extended to smaller
cladocerans than did the effects of planktivorous ﬁsh.
However, the dramatic decline in density of cladocerans
and the most abundant copepods after mysid introduc-
tion in many lakes caused a marked reduction in ﬁsh
production (Rieman and Falter, 1981; Nero and
Sprules, 1986; Langeland, 1988; Spencer et al., 1999).
In Lake Breiter Luzin, the feeding of mysids reﬂected
plankton availability (Scharf and Koschel, 2005).
Copepods formed the principal part of the mysids diet,
although in summer cladocerans were also important
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consistent pattern of prey preference in Lake Breiter
Luzin, with an overall positive selection for cladocerans
(Scharf and Koschel, 2005). Therefore, the diet spectra
and prey preference of mysids and ciscoes in the lake
showed similarities, indicating a strong competition for
food.
In summary, mysids have two inﬂuences on the cisco
population in Lake Breiter Luzin. They provide an
additional food resource to ciscoes, and they also
compete with the cisoes for food.Acknowledgements
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